
Supplementary Information 

 

Figure S1. Electrochemical properties Si@C-CNTs/CS electrode rate performance and 

long cycle performance at 0.5 A g-1 

 

Figure S1 shows the rate performance curve of Si@C-CNTs/CS in the range of 

0.5-10 A g-1 current density. Surprisingly, Si@C-CNTs/CS capacity remains at 546.47 

mAh g-1 at A high current density of 10 A g-1. The capacity can also recover to 1611.21 

mAh g-1 when the current density changes from 10 A g-1 back to 0.5 A g-1 and remains 

at 682.04 mAh g-1 after continuing to cycle for 300 cycles.  



 

Figure S2. TGA of the Si@C-CNTs/CS. 

As seen in Figure S2, the Si@C-CNTs/CS material has lost about 19% of its mass. 

The mass lost at 500-600°C is due to carbon decomposition, indicating that the carbon 

content of the composite is 19%. 

 

Figure S3. SEM images of pure Si (a) before initial cycle, and (b) after 100 cycles. 

As can be seen from Figure S3, the volume of pure silicon negative electrode 

changes obviously after cycle, and the volume expansion rate is about 72.9%.



 
Figure S4. The first and second cycles of cyclic voltammograms of Si versus Si@C. 

In Figure S4, it can be seen that there are reduction peaks in the 0.17V attachment, 

indicating that lithium ions are alloying with silicon to form LiXSi. The oxidation peaks 

at 0.35V and 0.56V negative electrodes correspond to the deintercalation process of 

LiXSi alloy 
Table S1. The electrochemical performance comparisons of silicon carbon electrode in 
LIBs 

Anodes Cycle 
number 

Capacity (mA 
h g−1)  

Initial coulombic 
efficiency (%) 

Refs 

Si@C-CNTs/Cs 300 1487.71 77.1 this work 
Si@SiO2@C@SiO2 200 1113 71 40 

Si-CNT/G 100 1100 58 41 
Si@C@CNT 200 1210 63 42 

Si-CNF 300 799.5 74.4 43 
Si-SCNT 100 1449 85 44 

According to the literatures in the table, the designed material of Si@C/CNTs/CS 
exhibited the excellent electrochemical performance. The main reason is that the 
double-layer carbon mesh structure containing carbon nanotubes and carbon sheets can 
not only improve the electrical conductivity, but also provide mechanical flexibility and 
rich pore structure, which is benefited to alleviate the expansion of volume during 
cycling processes. The excellent cycling stability, high reversible capacity, and high 
electrochemical stability observed demonstrate the potential of Si@C-CNTs/Cs as a 
practical and high-performance anode material for LIBs. Therefore, this study can 
provide a valuable guideline on the designation of novel Si-base anode for improving 
the performance of LIBs. 
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